Abstract. The inner plexiform layer of the mammalian retina has a bisublaminar organization determined by restricted branching of the terminals of cone bipolar cells and dendrites of class I (large) and class II (small) ganglion cells. Comparison of dendritic field diameters and receptive field center sizes of large ganglion cells suggests that neural circuitry in sublamina a conveys "OFF"-center properties and connections in sublamina b "ON"-center properties to retinal ganglion cells.
The eye is often compared to a camera, yet its sensitive layer of retinal photoreceptors, rather than merely counting photons, builds contrast between the receptive field "center" and "surround" [for example (I)]. "Center-surround" receptive field organization, fully developed in certain retinal ganglion cells, is characterized by mutual antagonism between spatially concentric retinal areas (2) . Center may be ON (2) . At present it is not known precisely how ON-and OFF-center properties are conveyed from photoreceptors to ganglion cells and separately maintained in two subsets of otherwise similar ganglion cells, except that bipolar cells must be involved.
Cone bipolar cells of the cat (3), the monkey (4) , and other mammals contact photoreceptors only (i) at ribbons (invaginating cone bipolar cells) or (ii) at superficial junctions (flat cone bipolar cells). In addition, the synaptic terminals of flat cone bipolar cells end high in the inner plexiform layer (IPL) (near the inner nuclear layer), and invaginating cone bipolar cells end low (toward the ganglion cell layer) (5) (Fig. 1) . The stratification of ganglion cell dendrites in the IPL also contributes to this dual organization. Distinctive morphological classes of ganglion cells in the retina of the cat may be subdivided into two subclasses, those that branch exclusively in the domain of flat bipolar cells (in sublamina a of the IPL), and those that branch only among the terminals of invaginating cone bipolar cells (in sublamina b) (Fig. 1 ). We shall demonstrate here that anatomically distinct pathways and a bisublaminar organization of the IPL form a likely structural basis for the symmetry of ON-and OFF-center responses in mammalian retinal ganglion cells. Moreover, we propose that if a retinal ganglion cell has significant input to a bipolar cell, it will be ON-center or OFF-center depending upon the sublamina in which it branches.
Recently, Boycott fication of dendritic branches. A third, morphologically heterogeneous class of ganglion cell (not described here) also includes paired, paramorphic types contributing to bisublaminar organization. Class II cells have relatively small cell bodies and the smallest dendritic field diameters in the central retina; their dendritic trees, studded with appendages, have a "tufted" (8) appearance (Fig. 1) . The primary dendrite or dendrites of type Ila cells branch in the outer third of the IPL (sublamina a). They generate a spray of dendritic branches that arise in Cajal's stratum 2 (S2) and spread into SI, next to the inner nuclear layer. Type IlIb cells branch in the inner two-thirds of the IPL (sublamina b). They usually have one major and several minor primary dendrites, which branch in S3 and S4. In the area centralis some branches ramify in S5 (Fig. 1) .
In the branching and stratification of their dendrites, class II cells follow most closely the distribution of the terminals of the cone bipolar cells. Throughout the retina, the terminals of flat cone bipolar cells are narrowly confined to sublamina a (Cajal's SI and S2), thus overlapping the dendrites of type Ila ganglion cells (Fig. 1) . The overlapping stratification of the terminals of invaginating cone bipolar cells and type IIb cell dendrites is even more strikingly confirmed, however, for in the central retina both are broadly stratified, extending into S3, S4, and S5 (Fig. 1) Type Ia and type lb ganglion cells also differ in the diameters of their dendritic fields at a given retinal eccentricity. This disparity exists throughout the retina but is marked in the central retina (Fig. 2) . Dendritic field diameter of both types increases with increasing retinal eccentricity, but type Ia cells are consistently larger than type Ib cells (Fig. 2A) .
The morphological differences (and differences in connections) between class I and class II ganglion cells probably underlie the physiological distinction between "transient" and "sustained" cells and perhaps also between "Y" (nonlinearly summing) and "X" (linearly summing) cells, respectively (6, 9, 10) . If we assume a relationship between dendritic field diameter and receptive field center size (11), we can compare the dimensions of class I cells in Golgi preparations with Cleland and Levick's data (9) on field center size of "brisk" transient cells (Fig. 2B) Fig. 2A) as do some ON-center transient cells (Fig. 2, A and B) . This comparison supports the hypothesis that ganglion cells branching in sublamina a will be OFF-center and those branching in sublamina b, ON- (13) . The simplest interpretation of these findings is that the flat cone bipolar cell is hyperpolarizing to photic stimulation, or OFF-center, when the flow of excitatory transmitter from the photoreceptor is diminished, and the invaginating cone bipolar cell is depolarizing, or ON-center, under the same conditions of illumination. The presence of ON/OFF dualism in cone bipo- 8 OCTOBER 1976 lar cells of the cat is at least plausible, for such ON/OFF symmetry has been found among bipolar cells in nonmammalian vertebrates (14) . If both flat and invaginating cone bipolar types make excitatory synapses on ganglion cells, as Naka has found in catfish for both ONand OFF-center bipolar cells (15) , then inferences made from the synaptic ultrastructure (13) are consistent with our hypothesis that sublamina a contains the processes of OFF-center cells and sublamina b the processes of ON-center cells.
It has been supposed that stratification of the IPL [so prominent in typical nonmammalian vertebrates (16, 17) ] is of little functional significance in mammals (18) . This opinion stands in contrast to Cajal's view that the IPL is similarly organized in all vertebrates (16 
